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SECTION 1. 
INTRODUCTION. 


MopERN industry demands a wide variety of raw materials and 
timber is numbered among the more important of these. In 
spite of the continued appearance of substitutes, it remains a 
valuable constructional material. In shipbuilding, engineering, 
building, furniture construction and a number of other essential 
industrial activities, it maintains a position of importance. 

The uses to which timber is put fall in the main into two im- 
portant classes. There are first the uses which demand in a 
material one or more of the qualities of strength, durability, elas- 
ticity or easiness to work. And there are secondly, those uses 
which call for a cheap and attractive decorative material. Here 
timber answers the need by its varicty and beauty. In this 
connection, plywood and vencers, not timber in the normally 
accepted sense of the term, have replaced solid wood ; and where 
the intrinsic qualities of the wood are of no importance, solid 
timbers fall into disuse to be replaced by plywoods or wood com- 
positions. 

It is an extraordinary fact that in the past, despite the funda- 
mental importance of timber as one of the main materials of con- 
struction and thus vital to the development of industry, very little 
attention was paid either to the growing of trees or to the scientific 
examination of the qualitics and defects of timbers. Methods of 
preparation and seasoning and the special purposes to which 
timber might be put were also left to the slow process of experience. 
Timber was regarded rather as a bounty of Nature, a gift which, 
once used, was hastily replaced by a generous Mother Earth. 
Even the fact that Britain's naval supremacy depended to a large 
degree upon plentiful supplies of native oaks did not lead to a 
scientific forestry. In fact, no one believed that arboriculture was 
more than a pleasant hobby for the idle rich. But to-day all 
timber-producing countries have their rigid afforestation laws 
protecting the present supplies and assuring adequate planting for 
the future. In most using countries, too, there are Forest Pro- 
ducts Research Stations, financed by the State, where experiments 
are carried on not only to contribute further to the knowledge of 
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the qualities and constituents of timber, but also to advise upon 
the best types of wood which should be grown to mect current 
commercial demands. Thus the empirical laws which governed 
in a rough and ready way the uses to which timber was put in the 
past have given way to exact analytical experimentation which 
enables the careful user to ascertain the precise qualities of the 
timber he is to use and to assure himself that it is correctly suited 
to the purpose that it is to serve. It is not unfair to say, however, 
that even to-day many users of timber still depend upon the old 
rule-of-thumb methods of timber utilisation and have failed to 
avail themselves of all the benefits that scientific investigation has 
placed at their disposal. Many of the qualities of timber cannot 
in fact be ascertained by simple means, but the material must be 
submitted to exact tests under laboratory conditions. The 
measurement of mechanical strength is not the work of a timber 
yard foreman, but of a forestry specialist ; and the correct ascer- 
tainment of moisture content, which may have to be extremely 
accurate, is a function safe only in the hands of the skilled scientific 
worker armed with the best apparatus available. 

The commercial community has found it necessary to establish 
certain rules relating to quality in order that the business of the 
timber trade may be carried on with the minimum of risk and 
confusion. Thus almost every wood handled as a commercial 
product is ‘‘graded” into various classes at the sawmill before sale. 
These grades take into account the many important properties of 
timber and include in some cases the specification of sizes as well. 
By such method it has been possible to establish a market in timber 
and carry on trade by marketing ‘qualities’ or ‘‘grades”’ rather 
than having to see and value each piece of timber. Since this 
country must import nearly 90% of her timber requirements, such 
standardisation of qualities was an absolute necessity for the 
establishment of orderly trading. 

Trees grow and timber is a natural product and these grading 
Tules are an attempt to establish fixed qualities for the various 
types of timber. but even with such precautions, different trees 
of the same species often vary considerably in texture and con- 
dition. The possibility of eliminating defects by controlled pro- 
duction is limited, since soil, moisture, climate and treatment 
during growth are all variable factors, and it is these very factors 
which decide the nature and condition of the timber produced from 
the tree. Scientific forestry does, of course, to some extent succeed 
in growing more usable wood, and the limits of development in this 
direction have by no means been reached. 

The user of timber is called upon to decide a number of matters 
before he can discover the best timber for his particular use. To 
use too high a grade is to increase expense unnecessarily. He 
must also be certain that preparation and seasoning are in accord- 
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ance with the demands to be made upon the finished article. The 
engineer, architect or other user of wood must be clear upon the 
following points : 

i. That the wood is the correct one for the job in hand. 

ii. Since the same species may vary under different conditions 
of growth, the timber must be of the correct growth. 

iii. Conversion must be carried out in accordance with the 
use to which the timber is to be put. 

iv. Seasoning and treatment may be required. 

v. If the timber is to be subjected to heavy loads or other 
pressure, it must be correctly tested, so that it can be 
safely used to undertake the work in hand. 

vi. The timber should contain the minimum of defects. 


The consideration of these six important points provides the 
main subject matter of the paper which follows, and although the 
examination may appear detailed to the layman, the correct 
approach to the many difficulties of timber utilisation can only 
be obtained with an adequate background. 


SECTION 2. 
STRUCTURE OF WOOD. 


TimBer is, of course, a plant material, and therefore is of ccllular 
construction. Since these numerous cells are usually greater in 
length than width, they are commonly referred to as fibres. The 
cells have walls embracing a cavity and in this lives the protoplasm, 
where the processes of growth go on. The cell cavities do not 
always contain living matter, but in many cases they are filled 
with air only or with water. It may also be that during growth 
the tree has excreted various other matter, such as resin, minerals 
or gum. which will be deposited in the cell cavities. The wood 
structure itself consists of these cells bound tightly together, 
forming a porous, homogencous mass. Differences in the thickness 
of the cell walls are responsible for differences in the hardness of 
timber. In some very liard woods, such as lignum vitae, the 
cavities are extremely small and the cell walls very thick, making 
the wood hard and heavy. During the drying process, the moisture: 
is drawn first from the cell. cavities and when these are dry the 
moisture is withdrawn from the cell walls until the timber contains 
no further moisture. The importance of this sequence in drying 
is illustrated in a later section.” ‘ ; 

The cells ‘themselves may have to perform different functions,, 
and observing these differences is ohe method of identifying timber. 
Some cells are there to store food, others to conduct sap, and yet 
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others to give strength to the growing tree. These latter cells are 
those that have ceased to function and become mere supporting 
structures. Thus in hardwoods, the fibres’ principal duty is to 
give strength to the tree, whilst in softwoods they conduct sap 
as well as provide mechanical support. Here, perhaps, a common 
fallacy may be mentioned. It is believed that long-fibred woods 
(often referred to as “‘long-grained’’) are stronger than those with 
short fibres. This is entirely wrong, as the length of the fibre 
has no bearing upon strength properties. Hardwoods, which as a 
class have shorter and narrower fibres, are in general stronger than 
those that have longer and wider fibres. : 


The division of timbers into hard and soft woods is important, 
both from the point of view of identification and use. There are 
several means of distinguishing the two, but in some cases the 
division is not based upon the correct botanical factors. Thus 
hardwood in general is the timber obtained from deciduous trees, 
and softwood that from the conifer. This is not absolutely correct, 
but it certainly provides a very useful method of illustrating the 
difference. Botanically, hardwoods are called angiosperms, in- 
dicating seeds enclosed in an ovary, and softwoods gymnosperms, 
which is the antithesis—seeds not enclosed in an ovary. 

A more exact method of distinguishing hard from soft woods 
(which again is not completely correct botanically) is to discover 
if the wood is porous or non-porous. One possible confusion must 
be first cleared away. ‘Porous’ in this sense does not mean the 
ability to absorb moisture, since all woods do this in a greater or 
lesser degree. The pores are open-ended cells which conduct 
moisture from end to end of the tree. These pores, which are 
larger and additional to the smaller closed-end cells, appear only 
in hardwoods and form continuous “fibres” or vessels which are 
sometimes visible to the naked eye in cross section as very small 
holes and on longitudinal surfaces as hair-like grooves. With 
softwoods, these pores do not exist, and the function of moisture 
conduction is accomplished by the sap passing from one cell to 
another through the cell walls. Softwoods are therefore referred 
to as non-porous and recognition of the existence or non-existence 
of pores enables the wood to be classed as a hard or soft wood. 


Hardwood pores or vessels may either form a series of distinct 
concentric rings or be scattered evenly over the whole section. 
The first are known as “‘ring-porous woods,” where the pores of 
early wood form a clear series of rings succeeded by another ring 
of late wood where the pores are much smaller. The second-class 
are known as ‘‘diffuse-porous woods” and the pores are of approxi- 
mately equal size and are scattered more or less evenly over the 
face of the wood. Here the difference between the size of the 
vessels of late and early wood is less pronounced. The difference 
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is of some importance as a method of identification, for it is in 
such manner that the keys of identification are built up. When 
the identity of a piece of timber is unknown, the first two steps 
may be to decide : (i.) is it a hard or soft wood ; (ii.) if hardwood, 


is it “ring or diffuse porous’ .... and so on in the manner 
outlined in more detail in the section on identification. Certain 
woods can be easily classified as “ring or diffuse porous.” Thus 
ash and oak are “ring-porous’” and beech and maple “diffuse- 
porous.” 


In cross-section, the log of wood has a number of interesting 
structural features. The diagram below shows the main details 
of a cross-section. These are bark, sapwood, summerwood, spring- 
wood, heartwood, pith, medullary rays and annual rings. 


Springwoo © 
Summerwoodk Pith 
Bawky, Heartwood 


Sapwoed. 


Bark.—This is the protective covering which keeps the 
inside of trees free from extremes of temperature. Between the 
bark and the trunk is the cambium, a thin tissue covering the 
trunk and primarily responsible for the growth of the tree. 


Annual Rings.—Normally grown trees have a series of con- 
centric circles running from the centre to the bark. Cells which 
grow in the spring are usually larger than those grown in the late 
season and this difference, which is clear to the naked eye, pro- 
duces a demarcation which is known as an annual ring. Normally, 
one ring is visible for each year of growth, hence the schoolboy 
way of telling the age of a tree by counting the number of annual 
rings running from pith to bark. Where the rings are irregular, 
this is normally due to some interruption in growth, or it may be oa 
due to branches of the tree being developed more on one side than 
on the other or to leaning trunks. In tropical regions, where the 
seasons are not clearly defined, the rings are small and sometimes 
impossible to distinguish, all the wood appearing homogeneous. 
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Sapwood.—This is the outer growth wood (rings) of the trees, 
and is the youngest wood. In the sapwood cells are stored the 
food of the tree and quantities of sap. Through this part of the 
tree the moisture is conducted and only those cells which store 
food are actually alive, whereas the cells in the heartwood are 
dead and have as their main purpose the provision of mechanical 
support to the tree trunk. From the user’s point of view, it is 
important to remember that sapwood lacks toxic material and 
is therefore very liable to attack from parasites and insects which 
will not attack the heartwood. In addition, since all the food 
material is in the sapwood, it is here that any infection of low plant 
life can grow, and in use preference is normally given to the heart- 
wood, not only because it lacks excessive moisture, but also be- 
cause it is less liable to become decayed. The disadvantages of 
sapwood are described later in relation to strength and moisture 
content. 

Heartwood is the central part of the tree and once formed does 
not affect growth but is merely a strong framework to support 
the rest of the tree. Many have seen a tree apparently flourishing 
with its heart scooped out; provided the rings of sapwood are 
undamaged, a tree can go on growing in such a condition, although 
it will probably break in the wind. As was mentioned above, 
the heartwood is less liable to attack from insects, partly because 
on changing to heartwood the sapwood becomes infiltrated with 
various resins, gums and other materials which change its colour 
and render it toxic. 


Springwood and Summerwood.—It has already been explained 
that springwood is that part of the yearly growth which takes 
place early and summerwood the later growing portion. The 
early cells are larger and have thin walls and are therefore less 
dense and strong than the summerwood cells, which are darker in 
colour and harder. The variations between the colour and size 
of cells depend upon the difference between the seasons of the 
area in which the tree is grown. The effect of variations in the 
quantity of summer and spring wood upon strength is considered 
in brief in Section 6. : 


Pith.—This is the small cylinder in the centre of the log, seldom 
more than half-inch in diameter, and in fact in some trees it is 
difficult to distinguish at all. It is often referred to as the “heart” 
of the log, which tends to confuse it with heartwood. 


Medullary Rays.—Radiating from the centre of the trees are 
small lines of cells, called rays, which conduct moisture and food 
to and from the sapwood. As will be explained later, they are 
very important both as factors adding decorative qualities to 
timber and in their effects, upon the drying and moving of con- 
verted. timber., They can be recognised running at right angles 
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to the annual rings, continuous from the centre but not always 
visible to the naked eye. In some wood they are very numerous 
and amount to thousands to the square inch, but these can be 
seen only through the microscope. 
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SECTION 3. 
IDENTIFICATION OF TIMBER. 


THERE are about 250 species of timber in ordinary commercial use, 
and although the contractor or manufacturer may not come into 
contact with more than twenty, it is often useful to have at least 
some knowledge of the other 230. _ Unfortunately there are no 
easy rules which enable rapid identification of a piece of timber, 
since the majority of features which distinguish one species from 
another can usually be seen only with the aid of a microscope—or 
at the least with a lens. It is only intended here, therefore, to 
give a brief outline indicating the manner in which timber may 
be identified. 

The three surfaces of the piece to be identified must all be 
examined in order to provide the necessary data. The transverse 
surface will disclose the annual rings and the variations between 
spring and summer wood and will also indicate the extent of 
visibility and the nature of the medullary rays. The presence and 
distribution of vessels and resin ducts can be seen, too, from the 
transverse section. The radial surface will show the rays (as 
grooves) and the annual rings, while the tangential surface will 
give further information concerning the rays and vessels which will 
enable complete identification to be made. 

There are other features which, while not in any way con- 
clusive means of identification, yet do give indications which are 
valuable. If the bark can be examined, this will help in deciding 
the species, and the colour and weight of the wood should be 
given. Smell is also sometimes indicative of the wood, as for 
example the sweet fragrant aroma of pencil cedar; but such a 
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method is not to be relied upon, since a large number of woods 
have no easily discernible smell. 

From the above factors, ‘‘keys’’ for the various timbers are 
built up and each key enables the absent factors to be eliminated 
until a complete analytical picture of the wood results. Such 
keys, however, are not the stock-in-trade of the ordinary timber- 
man, since they demand not only the collection of a large number 
of botanical features of the wood in question, but also the scientific 
collation of the data collected. The following sample key for a 
few hardwoods used by an American authority! gives an idea of 
the procedure. Thus the first step is to discover if the wood is 
porous or non-porous. If the former, then it is hardwood. 
Secondly, if porous, whether ring or diffuse porous... . and so 
on until the analytical picture is complete. The part key given 
below is by no means complete, and the later stages would deal 
with variations of (6), diffuse potous woods such as beech, sycamore 
and maple ; but it serves to illustrate the method. 

(A) Wood with pores (vessels) = % “ = (1) 

The pores are conspicuously larger than the sur- 


rounding cells, neither pores nor other cells are in 
continuous radial rows. 


(1A) Woods which are ring-porous; 1.2., pores 
at beginning of each annual ring are large, 
forming a distinct porous ting, and de- 
crease in size towards the summerwood (2) 
(1B) Woods which are diffuse-porous; i.e., 
pores are of about uniform size and evenly 
distributed throughout the annual ring, or, 
if they are more numerous and slightly 
larger in the springwood, they decrease in 
size and number towards the outer edge of 
the ring - < - (6) 


(2A) Summerwood figured, with wavy or branched radial 
bands, visible without a lens on smoothly cut surface (3) 

(2B) Summerwood figured, with long or wavy short tan- 
gential bands which include the pores, the bands 
visible without lens on smoot! ¢ 


! hly cut end surfaces (5) 
(2C) Summerwood figured, with numerous fine light- 


coloured tangential lines which do not embrace the 
pores ; pores in the summerwood not much smaller 
than those in the springwood usually visible without 
lens, light tangential lines conspicuous under lens, 
heartwood reddish brown, sapwood white, wood 
heavy and very hard - = és HICKORY 


1D. F. Hortman, “Wood Construction,” 
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(3A) Many rays very broad and conspicuous, wood heavy 
to very heavy - - - - The Oaxs (4) 
(3B) All rays very fine and inconspicuous ; colour, greyish 
brown, wood moderately light, easily worked CHESTNUT 
(4A) Pores in the summerwood so small and numerous as 
to be difficult to count under lens, pores in the 
springwood of the heartwood usually densely plugged 
with ingrowths (tyloses) ; heartwood brown without 
reddish tinge - - - Waite Oak 


(4B) Pores in summerwood large, distinctly visible with 
lens, and not so numerous that they cannot be 
counted under a lens, pores in springwood of the 
heartwood mostly open, ingrowths not abundant, 
heartwood brown with reddish tinge, especially in 
the region of knots - = 2 Rep Oak 


With softwood, a similar method but a different key is em- 
ployed, which considers among other things the type of annual 
rings, the grain and hardness of the wood, the difference between 
spring and summer wood and the colour. The determination of a 
few of these factors is enough to reduce the possibilities to manage- 
able proportions. 

The differences separating a number of timbers are very small 
indeed and even experts cannot decide upon the species without 
reference to such tests and keys as detailed above. Identification 
then requires two things—first, a detailed knowledge of the struc- 
ture of timber and, secondly, a series of keys to enable the elimina- 
tion process to be followed. The craftsman who is continually 
working with a large number of woods will probably be able to 
evolve his own methods of identification, which, within limits, 
may be reasonably good. But confronted with two woods, which 
to the naked eye have similar features, his empirical methods break 
down and only the exact analysis of the laboratory will give the 
true identity of the two species. 
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SECTION 4, 
CONVERSION OF THE LOG. 


ComMERcIAL demands have established the most valuable sizes 
required by the various uses of timber. The sawmiller naturally 
saws his timber into those dimensions which will the most easily 
find a market, and he wishes in addition to get the maximum 
product from his log. There are a number of different ways in 
which this sawing may be done, and different countries, milling 
varying lumber, will employ different methods. But in general, 
the principles of conversion are the same. The main interest of 
all millers is to produce the most valuable dimensions with the 
minimum of wasteful timber resulting therefrom. For it must 
be remembered that only a relatively small proportion of the cubic 
contents of the log emerges as a finished product. In general, 
logs are sawn first on a band or frame saw and the edging of the 
planks and the subsequent conversion is carried out on a circular 
saw. 

Methods of Gutting.—There are a very large number of special 
uses of timber which require a different method of conversion 
from the log. and it is possible here only to give a few of the more 
important. These methods apply in some cases to both hard and 
soft woods, and reference is also made to a few lesser known con- 
versions which are of some interest. 

On arriving from the forest the logs may be there and then 
cross-cut into definite lengths where one particular dimension is 
required. For example, cheap barrels are sometimes made from 
beech and where these are to be manufactured, each log on arriving 
is cut up into lengths suitable for their manufacture before any 
further processing. In a number of cases this cross-cutting is 
carried out in the forest itself, thus saving transport and handling 
expenses. But in general, the logs are cross-cut into a first or 
“butt” length and a second length. The length of the butt will 
depend upon how clear of knots and defects the tree trunk proves 
tobe. In some cases a third length is also cut, but normally the 
tree trunk will give only two lengths of usable tim ber. A decision 
as to what is to be cut will govern whether first, second or third 
lengths are to be employed for the purpose. In the case of ordinary 
boards and planks, the log (whichever length is chosen) will be put 
through the band or frame saw and cut into the thicknesses re- 
quired (through and through Cutting), as in Fig. (i.). Such unedged 
planks may be sold as they are, in which case they are subjected 
to further conversion by the user (as in the cutting of chair frames 
and parts for the furniture trade). Or the unedged planks may 
be squared up and sorted for quality, and defects cut out in order 
to bring a plank up into a higher grade. Once the material is in 
this semi-finished state, it is put into sticks to season (see Section 5). 
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The second method (Fig. vii.) is to square two sides of the log 
and cut out the boards and planks to a fixed width. This is 
usually employed in milling softwood logs and has obvious advan- 
tages, since it gives immediately the boards with square-edges 
and saves the function of edging every piece separately. The 
side pieces will, of course, require edging separately, and in general 
this method should only be employed where the logs are reasonably 
straight and cylindrical. 

The other conversion methods are employed for particular 
purposes and are more complicated, but a few may be given which 
are in fairly common use. Figs. (ii), (iii.), (iv.) and (v.) are 
methods of quartering timber, and the advantages of this method 
of production are dealt with later on. Oak cut on the quarter in 
this manner has an extremely pleasing appearance, since the 
medullary rays or “‘figure’”’ are wide, broken lines of a colour lighter 


than the wood itself, running over the face of 

from method (ii.) that the term “quartering’ 
Edge-grain flooring, particularly in Douglas fi 
in Fig. (vi.), where the outer boards are plain 
used for other purposes. In the case of prod 
(vi.) and (vii.) the centre part, in which the hea: 
can be used fot special purposes. When the 


it is referred to as ‘“‘well-boxed heart.” A ce 
the oak used in the manufacture of cills conta; 
if this heart does not run straight through the 
on the face at one end, the plank will probab 
drying. To convert the log in the most econ 


2 


he timber. It was 

really originated. 
r, is usually cut as 
sawn and must be 
luction, as in Figs, 


rt is firmly encased, 


c heart of the timber 
is so encased that no part of it appears on the 


face of the plank, 


rtain proportion of 
ins such heart, but 


piece, but emerges 
ly split badly when 
omical manner will 


usually mean the production of both plain and 
Plain-sawn material is also referred to as tan 
tangent with the annual rings) 
quarter-sawn is also called radial; 
grain and rift-sawn. 

The main advantages of 


quartered lumber. 
gentially cut (at a 
, flat grain or slash grain, while 
Vv cut, figured, edge-grain, vertical 


[ quartering over the other methods of 
cutting may be referred to here, since they influence the uses to 
which the timber is put. Quarter-sawn timber— 


Wears more evenly. 


it Twists and warps less than plain sawn. 

iii. Shrinks less in width (radial shrinkage is very small). - 

iv. Many woods, with pronounced medullary rays, give a 
fine “figure” on the quarter. 

Vv 


Does not surface check or split, although these defects 
may appear on the edges, where they are normally 
not so serious, 


On the other hand, plain-sawn material also has certain ad- 
vantages :— 
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i. The waste is far less, and it is therefore cheaper to manu- 
facture. - a 
ii. For any given log, much larger widths and thicknesses 
can be produced owing to the method of conversion. 
iii. It dries more rapidly and collapses less during the drying 
process. 


The cost of manufacturing quartered material is always higher, 
and for that reason it is used only where the particular qualities it 
endows must be obtained. Obviously, the larger trees must be 
selected for quartering purposes. 


One other special method of cutting may be mentioned. The 
preparation of oak wainscoting, known as wainscot billets, used 
mainly in the building trade for panelling, etc., is designed to 
give the maximum of quartered and half-quartered material in 
good widths from the log. Actually, only very large logs are 
used for this purpose, and the English user has for long been the 
only consumer to demand this particular kind of cutting, which 
is a somewhat complicated process and demands the expert eye 
if it is to be successful. There are two methods of production, 
differing in detail. The first (Fig. viii.) is employed by some 
Continental producers, and the second (Fig. ix.) is the normal 
English process. In the first method the log centre is cut out 
in the manner shown, and two planks, usually thick (At and B1) 
fall in production, which will be fully quartered material (centre 
planks). The position at which the cutting of boards commences 
(XY) depends upon the minimum size of board required and is 
usually where the “wall” is not less than 8-inch. As can easily 
be seen, a not inconsiderable part of the log is wasted and this 
makes the process a very expensive one, since oak is already a 
valuable wood. But if properly manufactured, the finished boards 
and planks will be of good widths and show excellent figure, thus 
justifying the extra expense involved in the production. The 
second process consists of cutting the log “through and through” 
(as in Fig. i.) and then cross-cutting the boards at right angles. 
This method wastes less timber, but does not give such good 
results, since the centre is left in and the boards are not so fully 
quartered. 


Quartered material can be recognised by examining the ends 
of a plank or board. If the material is plain sawn, the annual 
rings will run parallel to the face of the board, as in Fig. A, and the 
medullary rays will be at right angles thereto. But quartered 
stock will have the medullary rays parallel to the face of the board, 
as in Fig. B, and the annual rings running at right angles to the 
face. A piece is said to be figured if the medullary rays are at 
an angle of not less than 45 degrees to the face of the board. 
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Fig. viii. 


Fig. ix. 


These, then, are the normal conversion methods. There are 
a number of others, some of which are employed only for one 
special use and have therefore no general interest. The principles 
which govern conversion are simple—to give the maximum finished 
material from the log with the minimum of handling and cutting. 
Thus method (v.) above entails turning the log after each operation 
and is therefore a very slow method not to be recommended in 
ordinary use, although it results in excellent lumber. In addition 
the boards produced are of very small dimensions, ; 

The wood in the log does not all become finished boards and 
planks or dimension stocks, part being lost in the process of manu- 
facture. Various timbers, because of differences in manufacture 
and straightness of the logs, give different net products, but as a 
general average not more than half the timber in the log is finally 
transferred into boards and planks (finished product). The United 
States Forestry Service gives the following useful diagram as a 


typical production schedule, illustrating what happens to the 
wood in a log :— 
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| 
| ‘| Saw- 1. Edgings, | Careless | Seasoning Senet | 
Bark, dust, Slabs, Trimmings, Mfg., Loss and Unplaned | 
| etc., | ete, i Waste, | Timber, 
| 13% oe 124, 12% 355 67% 403% 
( 
53% 
7 This gives: Mill Waste, 53% 
Seasoning, 67% 
Timber, 403% 
100:0% 


With more careful production and improved methods the 
percentage of net product of seasoned, unplaned lumber may be 
increased to about 50%, but a greater product than this is rare. 
The growing use of wood waste for manufacturing various by- 
products, mostly chemical, is tending to reduce the cost of con- 
version, and in the former Republic of Czechoslovakia, for example, 
wood distillation was becoming nearly as important as timber 
production. 


SECTION 5. 
SEASONING AND PREPARATION. 


After cutting and conversion, the timber is ready for the various 
preparations which are required to fit it for use in one or other of 
its numerous employments. These special processes may be 
divided into 

i. Drying and Seasoning. 
ii. Other Preparations. . 


(i.) Drying and Seasoning.—All the main qualities of timber 
are enhanced if the material is in a properly dried condition. 
Hardness, strength and ability to maintain its correct shape depend 
upon the wood being of a low moisture content. Timber is hy- 
groscopic in a high degree and in this respect is unlike the majority 
of constructional materials. The importance of the relative 
humidity of the air in determining the moisture content of seasoned 
timber is dealt with in more detail below. Very little drying takes 
place while the timber is still in the log form, since the bark pro- 
vides a protective covering which restricts the exudation of water 
to some extent. a 
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Moisture is secreted both in the cell cavities and in the walls 
of the cells and when the drying process commences, the water is 
first withdrawn from the cavities and after this point (the fibre 
saturation point) the cell walls begin to give up their complement 
of moisture. Two factors are of importance in the drying of timber. 
If, after drying, the wood is placed in a humid atmosphere it will 
again take up considerable quantities of moisture from the air. 
Secondly, during the drying process, the outer part of the timber 
may dry more rapidly than the inner, and this sets up stresses 
which distort the wood fibres and may render the timber useless. 
It is the purpose of correct drying processes to withdraw the 
moisture with the minimum of damage to the structure of the 
timber itself. The defects which may result from careless seasoning 
are referred to in Section 6. 

Methods of reducing the moisture content of timber are twofold. 
There is first of all the normal process of piling the cut timber in 
convenient stacks and allowing the air and heat to extract the 
water. Secondly, the same end may be accomplished by 
means of artificial drying, which is normally more rapid than 
air seasoning. 

Air seasoning takes place as the result of the action of air and 
heat upon the timber and, in order that the maximum advantage 
may be taken of these elements, the stacking must be carried out 
in the proper manner. Between each plank at regular intervals, 
sticks are placed which give a free current of air through the pile 
and facilitate drying. The sticks themselves should be absolutely 
dry and of the correct thickness, spaced according to the thickness 
of the timber, in order to prevent sagging, and at the same time 
to maximise the current of air. The pile should be placed on 
raised baulks (themselves properly seasoned), concrete or old iron 
rails, at least 12-inch off thé ground. If decay and infection are 
to be prevented, the floor underneath should be hard, either of 
concrete or some similar substance. Since timber loses its moisture 
more rapidly along the grain, the ends of the planks should be 
protected in order to prevent too rapid drying and consequent 
damage to the ends of the wood. It would be redundant here 
to go into the details of the best types of shed and pile that can 
be used. Sufficient to Say that the main factors are circulation 
of air, freedom from damp and accumulated rubbish. Close 
piling—z.e., piling planks face to face without sticks—should not 
be employed unless the stock is already very dry and unlikely to 
give off more moisture. In some cases where the colour of the 
wood is of importance planks are “end piled,” but this method 
requires extra space and is normally only employed in drying 
such woods as white sycamore and maple. 

Artificial Drying.—Drying kilns are used to speed up the drying 
process, and in fact a much lower moisture content can be obtained 
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by this method than by air drying, although the dangers of damage 
to the timber are considerably increased. The principle of the 
kiln is to circulate hot air through a pile of timber in an enclosed 
space and when the air has become saturated by absorption, it is 
drawn off and new air takes its place. Humidity must not be 
kept too low, otherwise the timber will dry very rapidly and as a 
result will become checked, split and honeycombed. Kilning 
should be carried out by the expert, since different dimensions and 
different species all require individual treatment if collapsing of 
the structure is to be avoided. 

Kilning normally increases the strength and hardness properties 
of timber and as a result of the process the wood will not take up 
so great a percentage of moisture as will air-dried lumber. This 
reduction of hygroscopicity is important in the case of timber 
which in use will be subject to a wide range of temperatures. 

(ii.) Other Preparations.—Timber for industrial purposes may 
be processed in a number of ways, but the three most important 
are :— 

(a) Steaming. 
(b) Fireproofing. 
(c) Preserving. 

(a) Steaming.—Steam is forced into the wood under great 
pressure. The object of this may be either to decrease the hy- 
groscopicity and facilitate drying, or to eradicate infection which 
may be suspected in the timber, or for the purpose of darkening 
the colour of the timber. In the case of walnut, for example, 
steaming colours the sapwood, which is normally whitish, so that 
the heartwood and sapwood present a very similar appearance. 
Steaming is also employed to remove various chemicals from the 
wood cells prior to the impregnation of preservatives, but there is 
some doubt as to the efficacy of this method. With woods that 
have a relatively high thermal expansion, steaming is often a 
wise precaution. 

(b) Fireproofing.—This is of far more practical importance, 
since most local authorities have bye-laws providing that certain 
timbers must be rendered fire-resisting before they can be used 
in the construction of public buildings. In addition, timbers used 
in shipbuilding and railway construction are usually fire-proofed, 
unless they are in themselves fire-resisting. The processes do not 
render timber incombustible, which is for all practical purposes 
impossible, but aim at making them capable of resisting and re- 
tarding fire. The usual process is to impregnate the wood with 
various chemicals, the most suitable of which are given below. 

‘But the substances used should be as far as possible cheap, per- 
manent, non-poisonous, non-corrosive, non-hygroscopic and not 
discolouring any material to be used with the timber. The main 
classes of chemicals employed for this purpose are— 
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i. Ammonia compounds and oxides of tin, zinc, lead and 
bismuth. 
ii. Chlorides, such as napthalene tetrachloride. 
iii. Carbonates, such as manganese carbonate. 


(c) Preservation of Timber.—Timber is liable to attack from 
fungi. These low forms of plant life thrive when conditions of 
air, moisture and temperature are favourable, but they also need 
an adequate food supply within the wood itself. It is naturally 
of great importance to prevent the growth of fungi and loss of 
wood due to decay, and for this reason it is customary to treat 
timber with preservatives which are impregnated into the wood 
and destroy the food supply on which the fungus must feed. 
Moisture is one of the main causes of fungoid growth and timber 
below 20% moisture content will not readily rot. The preser- 
_vatives used should easily penetrate the wood, be non-corrosive 
and should not affect the use to which the material is to be put. 
Chemical substances which prevent the application of paint are 
avoided where the wood is for internal use and requires a finish. 

The two best known are creosote and zinc chloride. The first- 
named makes a subsequent application of paint impossible, but 
the second, being colourless and odourless, does not prevent the 
wood from being painted. The one disadvantage of this process 
is that it increases the conductivity of the wood and may not be 
used for some purposes, such as railway sleepers, although it has 
the added advantage of being one of the most valuable chemicals 
in rendering timber fire-resistant. These processes are, of course, 
expensive, but normally worth doing when the extra life of the 
timber justifies it. Creosoting is used for all outside timbers 
exposed to varying weather conditions, and in cases where the 
timber is to be in direct contact with the earth. Such materials 
as railway sleepers, dock and bridge construction timbers are 
usually treated with creosote, as well as some constructional and 
shipbuilding materials. The boring of marine parasites which is 
important in dock and harbour piles, must be countered in other 
ways, which are too detailed to be of interest here. 
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SECTION 6. 
FACTORS DETERMINING THE STRENGTH OF TIMBER. 


Three main factors affect the strength of timber for construc- 
tional—and other—purposes. These are— 
i. Density. ‘ 
ii. Moisture Content. 
iii, Defects. 


Each of these factors exercises a determining influence upon 
the use to which a particular piece of timber may be put with 
safety. The mechanical strength of timber (see Section 7) depends 
upon these three, and it is therefore necessary to examine the part 
played by each of them in relation to strength. 

(i.) Density.—The density of timber can be measured by its 
specific gravity. Specific gravity will depend upon the size of 
the wood cells and the thickness of the cell walls. Timber with 
thick-walled but small cavity cells will have a high density and 
therefore be stronger than timber with thin-walled and large cavity 
cells. There is one confusion that arises in discussing the density 
of wood, that whereas the specific gravity of wood matter is ap- 
proximately 1°5 (7.¢., one and a half times greater weight than a 
similar volume of water), yet wood will nevertheless float in water. 
The specific gravity of wood substance is practically the same, 
irrespective of the species of timber. But pieces of timber are 
made up of cells, pores and vessels and it is the density of a piece 
as a whole, or its density “in bulk” that is important. Thus varia- 
tions in density are due to differences on the one hand in the 
amount of wood substance present in the piece and on the other 
to the size and contents of the cells. Moisture and foreign matter 
(resin, mineral, etc.) affect the density and must be eliminated in 
order to arrive at the true specific gravity of wood. Density varies 
directly with strength and is different not only as between different 
species of timber, but also as between different pieces of the same 
kind of timber. In this way, one ash tree (ash is a very dense 


wood) may give a plank which is far less strong than another ash ° 


grown under different climatic and soil conditions and at a different 
rate of growth. 

Density or specific gravity is important in relation to the 
various strength properties of timber, and, in fact, all these pro- 
perties vary in a mathematically precise manner with changes*in 
specific gravity. Bending strength and hardness increase more 
rapidly than the increase in specific gravity, while in the case of 
crushing strength and shrinkage, the increase is in similar pro- 
portion. The strength varies with a change in specific gravity 
according to the product of a constant times a power of the specific 
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gravity. Thus tension perpendicular to the grain in pounds per 
square inch equals C x G?, where C is the constant and G specific 
gravity. 

To this otherwise reliable mathematical relationship of density 
to strength properties there is a notable exception. ‘Compression 
wood” is of a higher density than normally grown timber, but is 
far less strong and is never used where any strain has to be borne. 
(Compression wood is explained on page 24). 

These are the general principles of the density or specific gravity 
of wood, but different parts of the tree have different densitics, 
Summerwood, the darker part of the annual ting growth, has 
thicker walled fibres and is, in general, heavier and more dense 
than spring or early wood. In some cases the strength is nearly 
twice as great so that, where great stresses are to be borne, the 
more summerwood there is the better. The colour which normally 
distinguishes the two types of growth is a useful means of measuring 
density and strength. For example, with Douglas fir, where 
there is pronounced difference between the spring and summer wood, 
the strength can be easily estimated. 

There are some methods of testing strength which must not 
be used, since they invite error. A heavy weight is not a reliable 
measure of strength, since it may be due to the existence of ex- 
cessive moisture or to the presence of foreign matter, both of 
which restrict the strength properties. 

(ii.) Moisture Content.—In general, the strength of timber 
undergoes changes only after the “fibre saturation point” has been 
reached. Then the withdrawal of moisture from the cell walls 
increases hardness and strength, but not in equal degree. In 
constructional timbers it is seldom an advantage to have dried 
material, since during the process of drying it may lose strength 
through checking and internal collapsing. For many uses, 
however, the change in shape due to an increase or decrease of 
moisture is very important. Thus furniture if made with insuffi- 
ciently dried material will split, warp and often force joints in the 
subsequent drying. Parquet flooring is an even more interesting 
case. Here difficulties may be encountered as, if the flooring blocks 
are not dry enough, they will shrink and leave gaps between the 
blocks. If, however, they are completely dry but are put into the 
building when the walls are still moist, the blocks will take up 
moisture from the drying walls, swell and force pieces out of place. 
This can be seen in a more exaggerated way in a wood block paved 
road under which a water pipe has burst. 

The main shrinkage as a result of moisture reduction takes 
place in the radial and tangential directions and hardly at all along 
the grain longitudinally. This factor has an important bearing 
upon the manner in which timber is cut from the log, as is illus- 
trated in Section 4, Radial shrinkage is less than tangential, 
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and this is due to the extra strength which the medullary rays 
exercise in restraining movement. It means that for many 
purposes it is advisable to use quarter-sawn material so that 
shrinkage is minimised. Not all kinds of timber have the same 
coefficient of expansion, cither radially or tangentially, but in some 
cases the difference between the two is negligible and “quartering”’ 
becomes unnecessary. In other cases, such as beechwood, the 
shrinkage difference is very great and it is often necessary to use 
quarter-sawn material. Most coniferous trees have a higher 
moisture content in the sapwood than in the heartwood, but 
hardwoods generally are fairly consistent in all parts of the tree. 
It*must not be forgotten, however, that although drying of 
timber increases strength to a very great degree, the process of 
drying may give rise to defects which in themselves weaken the 
timber. Too rapid drying, for example, may lead to checks, 
shakes and case hardening, all of which impair the strength of the 
timber. In some cases the existence of such defects so reduces 
the strength as to cancel any of the advantages of the drying 
process. Thus in very heavy structural timbers it is normal to 
regard green and dry timber as of equal strength. A further 
consideration of some importance is that decay is more likely to 
tack wet timber than dry and, therefore, in order to maintain 
strength, drying may nevertheless be an absolute necessity. 

(iii.) The third factor affecting strength of timber is the 
presence of defects, These may be of three kinds—those that are 
due to defective growth, those that arise as the result of some 
process through which the timber is put (as, for example, during 
drying), and those due to some outside growth such as fungi and 
worm. In most cases in the first category, timber is so graded 
commercially that the user knows by the grade he buys what defects 
of natural growth to expect. This is an obvious simplification, 
saving time and«money, but it should not be forgotten that what is 
a defect in timber required for construction may be a quality of 
rare beauty in a timber to be used for decorative purposes. 

The main natural defects are dealt with very briefly below :— 


(a) Knots.—T: he serious effect of knots is in causing distortion 
of the grain and thus weakening the strength of the timber. Knots 
are of two kinds—live and dead. The first are the bases of growing 
branches, and dead knots (which will sometimes fall out in sawing) 
are the bases of branches which have died during the growth of 
the tree. The knot then becomes covered with a new tissue, but 
inside the dead tissue is a source of weakness and possible decay. 


(b) Pitch Pockets.—Most softwoods contain pitch pockets, 
which are the result of injury to the cambial cells during growth. 
They normally have their greatest dimension longitudinally and 
are concave. They render the wood liable to break under pressure. 


p 
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(c) Bark Pockets.—Portions of the bark are overgrown and 
constitute a danger to the strength of the wood. 

(4) Gum Spots and Streaks.—These are similar in form and 
causation to pitch pockets and are filled with gum-like substances. 


(e) Compression Failure.—This is due to stresses to which the 
standing timber has been subject during growth, but can also be 
caused by bad felling and handling of the logs. The failures result 
in small hair shakes and cracks running across the grain, rendering 
the timber practically useless, since it is liable to break across the 
grain. Compression wood can be distinguished by its homogeneous 
colouring with little or no distinction between spring and summer 

‘wood. It appears on the face of planks as a Jong streak of red 
running from end to end of the piece and results in a very high 
longitudinal shrinkage. 

(f) Mineral Streaks.—Discoloration caused by mineral matter 
in the tree, but it is not regarded as a serious defect. 


(g) Irregularities of Grain.—The strength of a wooden member 
is reduced if the grain be not reasonably straight, 7.e., parallel to 
the axis of the member—and such wild growth of the fibres will 
cause a failure if pressure be applied. The main kinds of irregular 
grain are known as spiral, interlocked and cross grain. 

In addition to faults due to defective growth, there is a very 
important class of defect duc, in most cases, to incorrect or careless 
treatment, especially during the drying of timber. These are 
particularly important to the user, since a knowledge of them will 
help in avoiding the worst defects. This class of defect is dealt 
with below, but in all cases the irregularity of the grain adds to 
the amount of distortion that may result. 


Checks and Splits may be treated together. In both cases they 
run the way of the grain (longitudinally), whereas compression 
failures, for example, are horizontal. Checks are small cracks 
appearing on the face of timber during drying and splits usually 
extend from face to face, mainly on the ends of the piece. If the 
timber is subjected to more humid conditions, these cracks and 
splits will close up, but can be disclosed again on planing the timber. 
For many uses where strength is important, it is necessary to use 
check and split free timber. 


Cupping occurs in plain sawn material and is warping across the 
width of the plank or board. If absolute flatness is required, it is 
better to employ quarter-sawn material, which will not cup, since 
radial shrinkage is usually less than tangential. 

Case-hardening.—Where timber is dried too rapidly and the 
outside portion loses moisture whilst the interior is still wet, 
stresses are set up. This defect is seldom noticeable until the 
timber is re-sawn and the re-sawn pieces begin to cup and twist. 


TIMBER 5 


Bowing.—This is cupping of a piece from end to end. It may 
be aggravated by incorrect sticking, where the longer lengths are 
allowed to sag between the sticks. 

Warping.—This defect is usually found when the grain is inter- 
locked or spiral and is due to the fact that shrinkage is not regular 
throughout the timber. By weighting the planks during seasoning, 
warping can be minimised. 


SECTION 7. 
THE STRENGTH (MEGHANICGAL PROPERTIES) OF TIMBER. 


In testing mechanical properties, the following factors should be 
considered :— 

(i) In the first place, almost all the properties vary with 
changes in moisture content and values given must therefore also 
include readings of moisture content of the samples tested. 

(ii.) Sample testings are normally made of pieces free from the 
ordinary defects of timber—knots, shakes, etc., which defects cause 
collapse very readily irrespective of the inherent strength of the 
timber. 

- Git.) The loads may be applied in three directions—(a) parallel 
to the grain, () perpendicular to the grain on the radial face, and 
(c) perpendicular to the grain on the tangential face. In most 
cases, variations between (b) and (c) are not very great, but tests 
may not be complete unless all three readings are taken. 

The most important mechanical properties are dealt with 
briefly below. Each use of timber demands a maximum strength 
in several respects. Thus beams must be tested for static bending 
and shear; posts and struts for compression parallel to the grain, 
static bending, and also it may be wise to test them for inden- 
tation, shear and cleavage. Sleepers should be tested for static 
bending and compression parallel and perpendicular to the grain, 
while flooring material demands a whole series of exhaustive tests, 
including those for compression perpendicular to the grain, static 
bending, cleavage and indentation. In this particular case, per- 
haps the most important test of all is that to determine the moisture 
content of the timber to be used. 

; (i.) Strength in Gompression.— (a) Parallel to the grain. Timber 
in general has high compression parallel to the grain. If the 
length of the member is great compared to its area of cross section,! 

1 If the length of the member is more than ten times its least cross-sectional 


dimension, the loading must be reduced from the maximum by an amount 
determined by one of the well-known pillar formulae and a suitable safety 


factor used. 
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it may well collapse by bending before the maximum load is applied. 
Spokes and uprights should be tested in this manner before use. 
The first elementary requirement! is to obtain the maximum 
crushing strength in pounds per square inch, which is the maximum 
crushing load in pounds divided by the area of cross section in 
square inches. . But it is necessary for safe loading to know too the 
compression strength at the limit of proportionality, i.¢., that point 
at which further increases in load are accompanied by more than 
proportional increases in the deformation of the timber.2. This 
quantity is obtained by dividing the load in pounds at the limit of 
proportionality by the area of cross-section in inches. The ability 
of timber to resist bending is its stiffness, and this factor may 
best be expressed by Young’s Modulus of Elasticity. This Modulus 
E in pounds per square inch is calculated by readings of deflection 
of sample pieces loaded to the limit of proportionality. Where 
the modulus of elasticity and the load are known, the deflection 
can, of course, be calculated. In general, softwoods have a much 
higher Modulus E than hardwoods of the same weight. 

(0) Perpendicular to the Grain.—This is important for materials 
such as railway sleepers. No failure takes place, since the fibres 
become crushed as the load increases. A few timbers do show a 
maximum load, but in general the load-deflection curve falls 
gradually with increasing load. The important feature to be 
determined is the compression at the limit of proportionality. 

(ii.) Static Bending.— A timber beam may be subject to com- 
pression, shear and tension stresses working together. Such a 
beam, loaded in the centre and supported at both ends (but with 
the ends free to move) will bend gradually as the load increases. 
The top section of the beam will be in compression and the lower 
in tension, whereas the shear stress is a maximum in the neutral 
plane where both compression and tension stresses are minimal. 
The maximum stress is suffered in the extreme upper and lower 
fibres and the strength of the timber as a beam will depend upon 
the resistance of these fibres to the load applied. If a four-point 
loading method" is used, the element of shear stress disappears 
and a correct valuation of the modulus of elasticity may be obtained. 

* Full details of the preparation of samples and the actual tests are to be 
found in the British Standards Institution's ‘Methods of Testing Small 
Clear Specimens of Timber,” No. 373, 1938, which gives all the necessary 
formulae. It should be read in conjunction with the Report of the Com- 


mittee on the Mechanical Testing of Timber, published by the Department of 
Scientific and Industrial Research, 1934. 

2The B.S.I. define the limit of proportionality as “. . . . that point in 
the Stress-Strain diagram above which the graph deviates from the straight 
line.” 

* For exact formula, see B.S.I. Pamphlet of. cit. 

* The B.S.I. test uses a beam 40 inches long, with the supports at 2 inches 
from each end. The load is applied equally at two points which are 6 inches 
from the supports, and thus subjects the beam to a uniform bending stress. 


TIMBER 27 


In general, however, tests for static bending are made in order to 
determine the modulus of rupture,’ which, calculated in pounds 
per square inch, is used to express the strength of timber as a beam, 
and may be written as 


_ 3Pl 
2 bw 
where P = breaking load in pounds 
2 = length of span (between supports) 
b = breadth or width of piece in inches. 
h = thickness or depth of piece 


In addition to the above, the value of fibre stress at the limit 
of proportionality may be derived. Modulus of rupture should 
only be employed where rectangular beams are under test.? 

How a beam will fail depends upon the condition and kind of 
timber. The modulus of rupture shows fairly wide variations 
between different kinds of timber. But with the same piece of 
timber maximum stress varies with the dimensions employed. 
Thus to double the thickness or depth of the piece is to increase 
maximum load four times. In other words, maximum load 
supportable varies inversely as length, directly as width and 
directly as the square of the thickness or depth of the test piece, 
as is obvious from the equation already given. Rectangular 
beams should, therefore, be of greater depth than width, in order 
to support the maximum load, but this is limited to a working 
ratio of 4 : 1,3 since beams with a ratio of depth to width greater 
than this will twist when loaded. 

(iii.) Impact Bending.—Timber beams may be subjected to a 
‘load falling freely from a height as a test of toughness and the 
effect of shock loading. Uses such as tool handles call for timber 
capable of resisting shocks and ash, oak and hickory have high 
values for such purposes. The most useful test reading is that 
indicating the maximum height from which the weight is dropped 
which causes failure. 

(iv.) Indentation.—Resistance to identation is an important 
quality in timber to be used for purposes such as pavings and 
floorings and may be tested on either of the three surfaces, de- 

. pendent upon which is to be subject to the stress in use. Radial 
and tangential surfaces usually exhibit about the same hardness, 
but transverse surfaces offer greater resistance, and for this reason 
paving blocks are usually laid with the transverse surface upwards, 

1 Also referred to as ‘‘fibre stress at maximum load.” The equation given 
is true only when readings have been taken on the basis of a central-loading 


test. 
2 Report of the Committee on the Mechanical Testing of Timber, of. cit., 
. 31. 
P 3 A ratio of 3: 1 is sometimes considered a more desirable practical limit, 
unless some side support is provided. 
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so that not only do they wear longer, but they are proof against 
the numerous “‘blows’’ that they receive. 

(v.) Shear.—Shear parallel to the grain is to be guarded 
against where there is a danger that an excessive load will “slide’’ 
one part of the timber away from the other. An element of shear 
stress enters into several of the other mechanical properties already 
considered. The apparent average shearing stress can be computed 
by dividing the maximum load in pounds by the area of the shear 
in square inches. Average shearing stress in a rectangular beam is 
two-thirds of the maximum, which is reached at the neutral axis. 
A beam short in proportion to its depth may fail by horizontal 
shear or by crushing at its supports long before the modulus of 
rupture is reached. When a beam has a length less than eight 
or ten times its depth, the shear and crushing are the important 
factors to be investigated. The shear surface may be either radial 
or tangential, but shear perpendicular to the grain is generally of 
no importance, since the timber will fail from other causes before 
it can become operative. Cracked and shaky timber is, of course, 
very liable to shear. 

(vi.) Cleavability—The ease with which timber splits through 
cleavage depends to a large extent upon the nature of the grain, 
but straight-grained wood may be tested for cleavage. The strength 
to resist splitting or cleavage is calculated by dividing the maximum 
load causing cleavage by the breadth of the test piece in inches. 
Interlocking grain will cause the timber to resist cleavage. Timber 
with a high degree of resistance to cleavage will hold nails 
and screws effectively and this should be a quality of all timbers 
which are to be used with spikes or coach screws. 

(vii.) Tensile Strength.—Tensile strength measures the resis- 
tance to forces which tend to pull the timber apart, and is at its 
greatest along the grain. It is an important quality in beams 
and timbers to be used for bending, where the lower part of a 
loaded beam or bent stick is under tension. Tensile strength may 
be measured both parallel and perpendicular to the grain, and in 
both cases is calculated by dividing the maximum load in pounds 
by the cross-sectional area of the length tested in square inches. 
Tensile strength perpendicular to the grain will vary as between 
radial and tangential surfaces. In the operation of bending a 
piece of timber, the fibres on the lower tension side will eventually 
break through stretching, whilst the upper fibres are crushed or 
buckled in compression. Timber has its greatest power in tension 
parallel to the grain, but this is seldom measured, since failure 
takes place for other reasons before the maximum load can be 
applied. je 

The above seven categories represent the important mechanical 
properties of timber. The actual values of these properties will 
vary not only with the specific gravity and moisture content of 
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the wood, but also to some extent with the area in which the 
timber was grown. The use to which the timber is to be put and 
the atmospheric conditions to which it may be subjected will affect 
the working stresses that are permissible for most timbers. 

Nearly all local authorities impose bye-laws for constructional 
timbers, which take into consideration the above mechanical 
properties and the loads to which the timbers may be subjected, 
and in view of the wide quality variations that exist in timber, 
these regulations also include details of the number of knots, etc., 
that are permitted in building and constructional timbers. 


SECTION 8. 
TIMBER AS A MATERIAL OF DECORATION. 


To very many users of timber the most important qualities are 
those of colour and beauty of line. In general, the factors which 
make a piece of timber into valuable decorative material are just 
those that would be regarded as defects if it were to be used for 
constructional purposes. The features which lend interest to 
decorative woods fall into three main classes. There is first of 
all the native grain, which may be very pleasing either on account 
of texture or colour or both. There are also the various defects 
of growth—knots, etc.—which give some timber an attractive surface 
when polished. And, thirdly, the mode of preparation may con- 
tribute to the artistic qualities of the wood. The most common 
"of such preparations is the “quartering” process which was dealt 
with in a previous section. The medullary rays show up on the 
radial surface as discontinuous, wide lines of lighter colour than the 
wood itself and may present a figure of unusually attractive 
appearance. Quartered oak provides one of the most popular 
decorative woods, since it is both cheap and distinctive. The 
defects of growth can be best regarded by taking a typical example— 
burrs. These are usually due to buds which do not mature but 
remain in the wood, giving the sawn timber a mottled appearance 
of considerable beauty. They may also be due to an external 
growth or “wart.” Such figuration is particularly valuable when 
appearing in ash, walnut and maple. There are a number of other 
grain variations, such as “‘bird’s eye’’ figure, which add greatly 
to the value of timber as a decorative* material. The discovery 
of these valuable “‘defects’’ depends in many cases upon the skill 
with which the log is converted, and one of the most difficult 
parts of the sawmiller’s art is to convert a figured or burr log into 
the most valuable timber. 
Considerations of cost have to some extent turned the demand 
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for decorative woods towards plywood and veneer, since for a 
portion of the cost very similar effects can be obtained. From 
one flitch of walnut, for example, many sheets of usable vencer 
can be obtained. The result is that ‘‘walnut suites” can to-day 
be made at prices which bear no relation to the costs of manu- 
facturing in solid wood. Quartered oak, on the other hand, for 
many years an important part of decorative effects, is still often 
used in the solid, since it can be obtained at reasonably cheap 
figures in board form, but even then enormous quantities of sliced 
oak veneer cut on the quarter are imported into this country every 
ear. 

‘i Old favourites such as mahogany maintain their popularity 
because of the beautiful colour and the pleasing nature of their 
texture, and in buildings where expense is not the main con- 
sideration, many of the lesser known Empire and exotic hardwoods 
are found as floors and panelling, giving excellent decorative 
effects, too expensive however for the normal everyday uses. 


SECTION 9. 
VENEERS AND PLYWOOD. 


Tue tendency since the war has been for timber products to enter 
this country more nearly in the form in which they are to be used. 
In pre-war years, British timber imports were composed to a large 
extent of logs (particularly hardwood) and these were converted 
in the numerous sawmills to be found scattered over the country- 
side. To-day the quantity of imported timber received in log 
form is relatively small, since the actual sizes required are sawn 
out by the producing country and sent forward ready for use. With 
the introduction of plywood and veneers, this tendency has been 
developed a step further and these two semi-manufactured articles 
now play a very big part not only in furniture and the trades 
ancillary to it, but also in shipbuilding, airplane manufacture and 
in a hundred and one other industries. 

Veneers can be manufactured in two ways—“sliced” or “rotary 
cut.” Sliced veneers are made by cutting a plank or flitch of 
timber with a very sharp knife blade into thin leaves of veneer. 
This method is usually employed to obtain quartered material, 
in which case the radial surface is sliced. With the rotary process, 
the log is rotated against a knife which cuts a continuous sheet of 
veneer to the required thickness. Obviously quartered stock 
cannot be manufactured in this manner, but the advantages are 
that the process is much cheaper than slicing, is far more rapid 
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and very large superficial areas of veneer can be made without 
any jointing being necessary. Before the logs are “‘peeled”’ in this 
manner, they are boiled for a considerable time in order to soften 
the wood thoroughly. 

In the past veneers were normally cut from the most valuable 
woods. The sheets, which may vary from 1/100th inch to quarter- 
inch, are then glued to a thicker piece of less expensive wood, 
pressed in order to flatten out any ridges and used as panels for a 
variety of purposes. In this way the same expensive finish can 
be obtained at a fraction of the cost of the wood in solid form. In 
addition, the wood to which the veneer is glued will probably be 
less liable to move than the wood from which the veneer is made, 
so that veneered stock is often a safer material to use for internal 
purposes. 

Plywood was an even later development and here the complete 
board is composed of sheets of veneer glued together to the required 
thickness. These “‘plies’’ are set so that the grain of the first sheet 
is at right angles to that of the under sheet, and so on. In cases 
where the number of “‘plies’’ is odd, difference in thickness of the 
separate pieces will compensate for the loss of strength which such 
manufacture entails. The “crossing’’ of the grain gives a con- 
siderable strength to the plywood board and, unlike ordinary 
timber, the tensile strength in both of the two directions is about 
the same, and plywood can be employed in many cases where 
solid wood is unsuitable. Because of its method of construction, 
the dangers of warping and twisting are small and very large sizes 
can be obtained both in width and breadth, making jointing un- 
necessary. Water-resisting glues are sometimes employed which 
enable the surface of the plywood to withstand heavy concentra- 
tions of moisture. Owing to its strength in relation to its weight, 
considerable quantities are to-day employed in airplane con- 
struction. Another variation in plywood manufacture is the 
laminated board, which consists of sheets of veneer glued to a 
“core,’’ usually softwood, of whatever thickness required. The 
core must be carefully selected timber arranged in slats with the 
grain vertical, so that there is less risk of the core itself “moving” 
with changes in moisture and to maximise its strength properties. 

This type of construction is employed largely in the manufacture 
of flush. doors and is very much cheaper than solid wood. In 
general, plywood is used as a cheaper form of timber, particularly 
for decorative purposes. The beautiful figure of some woods— 
such as burr walnut—can be “matched” on a veneer board to form 
a pleasing symmetry which would be impossible with the solid 
wood. Plywood can also be manufactured in cut sizes to meet 
the demands of a variety of special uses. Its main advantages 
are cheapness, lightness and the fact that it can be used, without 
risk of breaking, in very much thinner sizes than solid wood. 
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SECTION 10. 
TIMBER IN SHIPBUILDING. 


SincE the introduction of the iron ship at the beginning of the 
nineteenth century, timber has ceased to be the main material 
of the shipbuilding industry. But it still plays a very large part, 
and vast quantities are to-day consumed by the British shipyards. 
In the modern battleship, for example, there are about 40,000 cubic 
feet of timber of all kinds, and a 24,000 ton luxury liner may need 
as much as 60,000 cubic feet in its construction. Even a submarine 
has about 2000 cubic feet of timber in it somewhere. 

The shipyard’s demand for timber may be divided into three 
categories for convenience of treatment :— 


(a) Timber used in actual construction. 

(0) Timber used during the building of the vessel, but not 
part of the finished ship. 

(c) Decorative timbers, plywoods and veneers. 


(a) The woods which enter into the construction of the ship 
itself are perhaps the most important. It is not intended here 
to consider the construction of small craft, yachts, motor cruisers, 
etc., each of which may call for its own particular specification of 
timber, but rather the timbers used in the main shipyards of the 
north of England and Scotland. The decking must be made of 
material which will stand up to all weather conditions, and teak, 
pitch pine or Borneo serayah answer for this purpose. For the 
bulkhead linings, the most usual material is Oregon pine, but 
sometimes whitewood (European spruce) is used. In freight 
vessels, hold ceilings, hatches and hatch covers also demand very 
large quantities of wood and here too pitch pine and whitewood 
are normally used. Occasionally whitewood is employed for decking 
on tankers and similar craft, as this cheaper wood enables the total 
cost to be kept within reasonable limits. There are also various 
joinery requirements which may call for a variety of different 
timbers, and mahogany, obeche, oak and teak are among the more 
popular hardwoods. —_It is interesting to notice that, despite the 
almost complete dependence of British shipyards upon English 
timber in the days of the wooden ship, to-day the proportion of 
home-grown material used in a ship does not often amount to more 
than 10%, and is sometimes as low as 14%,’ These timbers are 
mainly oak and elm, with a little ash and beech for special purposes. 

(0) Timbers used in the process of construction also constitute 
a big part of the shipyard’s consumption, although the material 
can be used for a number of vessels much in the same way as 
builders’ materials are employed on a series of “jobs.” The 
“uprights” across which are placed the platforms on which the 
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workmen stand are usually larch poles, although to-day a system 
of steel scaffolding, as in ordinary building, is becoming more 
popular. The “shores” which hold the semi-completed ship in 
position are either Norway pine or home-grown larch poles, and 
many of the latter come either from Scotland or from the Lake 
district. Keel blocks are usually of oak, but beech and pitch-pine 
have also proved very useful woods for this purpose. In ship- 
building, as in engineering, the patterns and templates are nearly 
always of yellow pine, since it is a wood easy to work and does not 
lose its shape as a result of changing atmospheric conditions, but 
Honduras mahogany has recently become popular for the same 
purpose. 

(c) In the modern liner there are very large quantities of 
plywood and veneers and an 11,000 ton ship may use as much 
as 5,000 cubic feet of such material. All the cabins and most of 
the rooms have plywood panelling and veneered decorative effects, 
and during the building of the Queen Mary veneers cut from a 
very wide variety of timber were employed. This type of con- 
struction has great advantages over solid wood, since plywood 
costs less, greater variety can be given and it is easier to instal. 
Naturally, many valuable woods are still used for various joinery 
purposes, but the quantity is small in comparison to the enormous 
popularity of plywoods and laminated boards. 


SECTION 11. 
CONCLUSION. 


Tue foregoing paper has dealt with the majority of the features 
which make timber a valuable constructional and general utility 
material. Each potential user of wood must needs compare timber 
with other possible raw materials before deciding to employ it in 
preference. What, then, are the factors which on the one hand 
condition the use of timber, and on the other limit its value ? 
Timber, in the first place, is reasonably abundant and the costs 
of obtaining it make it relatively cheap compared with such things 
as iron and steel. In addition, it is strong for its weight and can 
be used where a heavier, denser material would not be suitable. 
This fact is also important in keeping the price of timber low as, 
although it is bulky, it is nevertheless light, and transport costs 
are not crippling. Timber comes from every corner of the world, 
and many of the well-known grades travel thousands of miles 
before they become part of some English villa. Apart from its 
various strength properties, it is capable of absorbing shocks and 
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vibrations, and is at the same time a bad conductor of sound and 
electricity. In many cases, its easiness to work is a prime factor, 
since it does not demand complicated machinery to alter its shape 
or to prepare it for further use. When treated with paint and 
finishes, it has an excellent surface and is in general less corrosive 
than the majority of constructional materials. The natural 
beauties of its grain and colour cannot be matched. No synthetic 
decorative material can rival the artistic appeal of some exquisitely- 
figured panel. : : 

But with all these eloquent virtues, it has too a number of vices. 
As a natural product, timber cannot be manufactured in any 
dimensions, since the limits are the size of the living tree. Its 
strength, although considerable, is not without restriction and its 
tendency to alter shape in response to changes in relative humidity 
makes it useless for some purposes. It splits with relative ease, 
and its facility for becoming decayed and burning are serious 
shortcomings which can to some extent be controlled by treatment, 
but which cannot be entirely eliminated. 

The large number of varieties of timber, most of which vary 
in some small particular which makes them valuable for one use 
but not for another, so increase the field of choice that only the 
constant user or the expert can decide upon the bést species for 
a particular purpose. Indeed, so wide are the range and the varia- 
tions between species, that timber can find a useful place in all 
those uses where the factors of strength, durability, decorative 
qualities, or easiness to work are demanded. 
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APPENDIX A. 
Radial, Tangential and Transverse Surfaces. 
In order to clarify the use of the above terms, the following dia- 


grams show how a tree is cut in order to disclose the three surfaces, 
and how they appear in a board or plank. 


In the above diagrams the key is as follows :— 


TR = Transverse surface. 
RD = Radial surface. 
TA = Tangential surface. 
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APPENDIX B. 
Methods of Ascertaining Moisture Content. 


MotsTuRE content of wood is the amount of moisture present 
expressed as a percentage of the completely dry (oven dry) wood. 
The purpose of calculating the moisture content in this manner 
is in order that it shall be expressed as a percentage of a constant 
factor—dry weight. 

There are a number of means of ascertaining moisture content, 
but it is only necessary to give here the easiest and most reliable 
method. The plank to be tested must first of all be cut through 
the centre and from the middle of the piece shavings are taken. 
It is important that surface wood is not included, since this will 
have dried in the air already and will not represent the true humidity 
of the wood. These shavings are then weighed very accurately, 
placed in a container and submitted to a temperature of up to 
212°F. At various intervals, the contents are re-weighed and are 
left in the heat until the weight ceases to decrease, at which point 
all the moisture has evaporated and the wood can be regarded as 
“oven dry.’ The loss of weight expressed as a percentage of the 
oven dry (final) weight will be the moisture content.? 

The two important precautions to be taken to ensure correct 
results are that the timber shavings should be extracted from the 
inside (and therefore most moist part) of the wood, and that care 
should be exercised to make certain that the shavings have attained 
a constant weight before the final reading is taken. 


There are other methods of moisture ascertainment and in 
recent years electric moisture meters have become popular in 
timber yards. These are based on the electrical resistance of wood, 
since conductivity is directly related to changes in moisture con- 
tent. Unfortunately, such meters must be adjusted for different 
woods and are only of use within certain ranges of moisture content. 
Their main advantage is that they save detailed and lengthy treat- 


ment and give a meter reading of moisture as soon as the sensitive 
needles have been inserted in the wood. 


} This may be expressed as a simple formula :— 
Zg—Zo 


ae SS 
Zo x 100 
When x = %, moisture content. 
te = green weight or weight prior to drying. 
Zo = 


oven dry weight. 
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APPENDIX 6. 
Some Commercial Woods and Their Uses. 


In the following details of widely-used timbers, the term “ where 
grown” is employed to cover the normal producing area from 
which the main supplies of the world are drawn. It does not 
mean that the wood only grows in that particular country or 
continent. The distinguishing features given are not a compre- 
hensive ‘list, but give a few of the more easily recognised ones ; 
and “‘visible’”” means those that can be discerned with the naked 
eye. The list of uses covers only a few of the more important ones, 
since timber is used somewhere in almost all the manufacturing 
and constructional industries. Finally, the list is by no means 
complete and is only a guide to the better-known woods in com- 
mercial use. 
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SOFTWOODs. 


COMMERCIALLY important softwoods are few in number, and the 
more widely used are dealt with in some detail below. Many 
names are employed for the same kind of wood, and this often 
leads to great confusion. In general, softwoods represent the most 
important constructional timbers used in this country, and since 
very small quantities of such material are actually produced within 
the British Isles, the importation reaches enormous proportions. 
The main exporting countries from which supplies are drawn are 
Canada, United States, Russia and the Baltic countries. 


Californian Redwood.—Also known as Sequoia and Giant Redwood. Cut 
from trees of enormous dimensions. Soft textured wood, rich red 
colour and very straight grained. It is an extremely durable wood, 
light in weight and free from resin. It can be employed on all work 
which is to be subjected to adverse weather conditions and is termite 
resisting. Its main uses in this country are—vat-making, external 
railway work, bridges and tunnels, 


Pitch Pine.—Also known as Southern Pine. Grows in the Southern States 
of America. Fine texture, resinous surface, containing large resin 
canals; the annual rings are very conspicuous and the summerwood 
clearly defined. A very dense strong wood, obtainable in large 
dimensions and used extensively in heavy constructional work— 
sleepers, pavings and bridge work. 


Pencil Cedar.—Aromatic or Eastern Red Cedar. Grows in U.S.A. and 
Canada. The texture is fine and the surface dull. The wood is 
noted for its fragrant smell. The main uses of this timber are in 
pencil manufacture and joinery, but it is fairly durable and is em- 
ployed for constructional purposes elsewhere. 


Sitka Spruce —Also known as Silver Spruce. Grown in U.S.A. (mainly 
Washington and Oregon) and British Columbia. A very valuable 
timber, in view of its great strength. Smooth texture, whitish colour, 
straight grained. Annual rings very narrow. The wood has great 
shock-resisting qualities, and its main importance is in aeroplane 
work, although the lower grades are employed for constructional and 
joinery purposes. 

Scots Pine.—JXnown by a variety of names, of which the most usual are 
Scots Fir, Baltic Fir, Norway Fir, Redwood. Grown in the North 
European countries and imported by this market in enormous quan- 
tities. It is coarse textured, reddish colour and very resinous, with 
large resin ducts and clearly defined annual rings. It is used in light 
construction, house building, packing cases, pavings, etc. 


European Spruce.—Also known as Common Spruce, Whitewood. Coarse 
textured, whitish colour; heartwood and sapwood indistinguishable. 
Grows mainly in North Russia, Scandinavian and Baltic countries. 
Used mainly for joinery and constructional work, as it is fairly strong 
and straight grained, but does not compare favourably with the 
spruce from the North American continent. 


Spruce,—There are several types of spruce grown in various parts of the 
North American continent. The wood is similar to European Spruce 
but harder, and the sizes obtainable are larger. Quebec and West 
Virginian Spruce are the most valuable qualities. 
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Douglas Fir.—Also known as Oregon Pine and British Columbian Pine. 


Pinus 


Kauri 


Grown in Canada and N.W. America. One of the most important 
of all commercial timbers and among the most widely used The 
wood has a fairly coarse texture, is reddish in colour, with visible 
rings and resin ducts, but the rays are invisible. It is obtainable in 
very large dimensions, thus increasing the scope of its uses. It is 
used extensively in constructional work and in a wide variety of other 
industries. It is durable and very strong, although it does not last 
quite so long in use as pitch pine. 

Strobus.—Also known as Ycllow Pine and White Pine. In view of 
the confusion over its various names, it is safest to refer to it by the 
botanical name. Grows in Canada, and the North-Eastern American 
states. Soft texture, straight grained, yellowish colour with narrow 
resin ducts which appear along the grain as thin dark lines. Has a 
large number of uses, but mainly employed for pattern work, floorings 
and shipbuilding. Useful wood, since it alters shape very little if 
properly seasoned. 

Pine.—New Zealand origin. Even textured and smooth surface. 
Free of resin canals and annual rings barely visible. A light, strong, 
durable wood used for shipbuilding, pontoon bridges, etc. It grows 
only in New Zealand, and is somewhat expensive in this country. 
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